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Introduction
Upper Maastrichtian and Paleocene shallowwater carbonates from Iran exhibit various assemblages of Dasycladales. Among them some type-species of taxa described from other areas are very abundant in certain levels. All of them are rather poorly recorded from their type-localities and only some additional findings have been recorded since then. Moreover they were established in times when descriptions of new taxa were delivered with only few illustrations and mostly limited analyses of dimensional data. Therefore, the Iranian findings add further knowledge on the overall morphology and the biometric ranges of these taxa. Each taxon will be described in a separate paper starting with the genus Pseudocymopolia ELLIOTT, 1970 , from the late Maastrichtian Tarbur Formation of the Zagros Zone, SW Iran. Paleocene taxa will be discussed in forthcoming papers.
The genus Pseudocymopolia ELLIOTT, 1970
In 1959, ELLIOTT described a new species from the Maastrichtian of Iraq (Tanjero Formation) as Cymopolia anadyomenea. ELLIOTT noted the uniqueness of the new species within the genus Cymopolia Lamouroux expressed by the waxing and waning thallus morphology (or "flanges"), "a half-way stage between an ordinary single tubular dasyclad and the modern segmented Cymopolia" ELLIOTT, 1959, p. 218) . A decade later ELLIOTT (1970) erected the new genus Pseudocymopolia with C. anadyomenea as type-species. Pseudocymopolia is known from the Tithonian?-Berriasian to Maastrichtian with P. anadyomenea representing the youngest species (BARATTOLO & D'ANDREA, 1988; BUCUR, 1993; DRAGASTAN, 1999) . The genus became extinct at the Cretaceous-Paleogene boundary (BARATTOLO, 2002) . The comparison to Cymopolia made by ELLIOTT was also due to the assumed presence of fertile ampulla in the "flanges". ELLIOTT (1970, p. 324) and, therefore, it was considered taht Pseudocymopolia was "an aberrant early development of Cymopolia". BARATTOLO and D'ANDREA (1988) re-studied ELLIOTT's type material stored at the British Museum (Natural History, now known as Natural History Museum) in London stating that evidence for reproductive organs were not found. The same observations were made by BUCUR (1993) on material of Pseudocymopolia jurassica (DRA- GASTAN) from the Berriasian of Romania. Following GRANIER & DELOFFRE (1993) , P. jurassica DRA- GASTAN, 1968 , represents a nomen nudum (two specimens were designated as holotype). It was correctly typified by DRAGASTAN (1978) , but too late thus becoming a junior synonym of P. pluricellata BAKALOVA, 1973. Due to the absence of sporangia, BUCUR (1993) emended the generic diagnosis and removed it from the Neomereae transferring it to the Triploporelleae. BUCUR (1993) showed that the thallus consists of superimposed or stacked (= interpenetrated) segments frequently occurring isolated. Generally the recrystallized calcareous envelope appears as compressed from its external appearance (BUCUR, 1993) . Species of Pseudocymopolia are known from the Lower Cretaceous (Berriasian-Barremian, ? Aptian; BARATTOLO & D'ANDREA, 1988; BU-CUR, 1993; DRAGASTAN, 1999) and the Maastrichtian with a large gap of no records in between (e.g., GRANIER & DELOFFRE, 1993; BARATTOLO, 2002) . As valid species, the critical inventory of GRANIER & DELOFFRE (1993) includes four species: P. anadyomenea (ELLIOTT, 1959) , P. orientalis EL- LIOTT, 1970 , P. pluricellata BAKALOVA, 1973 , and P. praturloni BARATTOLO & D'ANDREA, 1988 . Later, DRAGASTAN (1999 described a fifth species as P. transsylvanica.
In the original paper (ELLIOTT, 1959) , P. anadyomenea was illustrated with 5 specimens in thin-sections that do not show all characteristics of this species. In his compendium on Permian to Paleocene algae from the Middle East, ELLIOTT (1968) additionally illustrated one solid specimen on weathered rock surface, and two new sections (also from the Maastrichtian of Iraq; Tanjero and Aqra formations). The specimen from the Aqra Formation (ELLIOTT, 1968: Pl. 8, fig. 5 ) shows a different morphology of the segments displaying an irregular triangular outline in axial section with a tapering "keeled" margin. In describing P. orientalis from the Lower Cretaceous of Borneo, ELLIOTT (1970, p. 325 ) considered the keeled flanges present in P. anadomenea as one diagnostic feature. In the original description from 1959 however, this distinguishing feature was neither included nor illustrated. Both forms with rounded and keeled margins display discrete assemblages in the Tarbur Formation and are here described as two different species: P. anadyomenea (with rounded segment margins) and the new species P. acuta n. sp. (with keeled margins). Both occur in the same inner platform environment excluding phenotypic adaptation of a single species (from higher to moderate energetic environments). Also none of the numerous longitudinal sections (with numerous segments) show both morphologies, supporting the presence of two species. Last but not least, the two species are quite distinct in terms of biometric data. The poor state of preservation however hinders detailed study of the morphology of the laterals.
Geological setting
The Upper Cretaceous Tarbur Formation, named after the village of Tarbur (Fars Province), occurs in the SW Zagros basin. It is a predominantly carbonate lithostratigraphic unit containing a rich microfauna and microflora associated with rudists (JAMES & WYND, 1965) . Compared to the (larger) benthic foraminifera, the microflora however is less diversified. Outcrops of the Tarbur Formation extend from the northwest to the southeast of the Zagros basin along the western edge of the imbricated Zagros zone, between the main Zagros fault and the Sabzposhan fault to the east (ALAVI, 2004) . The Tarbur Formation overlies and interfingers (towards the southwest) with the Gurpi Formation. The specimens of Pseudocymopolia recorded herein are from three sections of the Tarbur Formation: the Fasa, Naghan, and Mandegan sections (Fig. 1) . Most of the illustrated specimens are from the first two localities.
Fasa Section (Fig. 2.1-4)
It is located in the interior Fars (Folded Zagros Belt), about 20 km southwest of Fasa, close to the Khane Nahar village. The exposed thickness of the Tarbur Formation is about 257 m. At the base, it is covered by alluvium and the Gurpi Formation is not exposed (Fig. 2.1-2 ). The Tarbur Formation can be subdivided into 3 lithostratigra-phic units: unit 1 (73.1 m), consisting of medium-to thick-bedded limestones, followed by unit 2 (124.4 m), medium-bedded limestones with Loftusia ( Fig. 2.3 ) and some intercalated dolomitic layers in the lower part, and finally unit 3 (74.5 m) medium-to thick-bedded limestones, yellow marls, and thick-bedded dolomites (uppermost part). Both Pseudocymopolia anadyomenea (ELLIOTT) and Pseudocymopolia acuta n. sp. occur in wackestone and floatstone microfacies. They are accompanied by larger benthic foraminifera and also rudists (Pl. 1, fig. 3 ). Most samples are dominated either by one or by the other species, but they may also occur together. The top of the section is represented by the Paleocene Sachun Gypsum (Fig. 2.4 ). The coordinates of the section base are N28°51'2.49", E53°30'55.82".
Naghan section (Fig. 2.5)
It is located in the folded Zagros approximately 50 km south west of Naghan town near Gandomkar village. In this locality, the Tarbur Formation unconformably rests on the Gurpi Formation and is overlain by the Paleocene Sachun Formation. Lithologically, the Gurpi Formation consists of dark shales, grey calcareous shales containing planktonic foraminifera. The Sachun Formation consists of gypsum [see Fig. 2 .5 (for the Fasa section)], red shales, anhydrite and some layer of carbonates. In the Tarbur Formation of the Naghan section the microfacies with Pseudocymopolia is equivalent to the one observed at the Fasa section (Pl. 1, figs. 1-2, 4, 6). The thickness of the Tarbur Formation at the Naghan section is about 274 m. The Greenwich coordinates of the section base are N31°47'52", E50°32'53".
Mandegan section
The section is located in the High Zagros Belt, north of Mount Dena, and about 65 km south of Semirom city. It is exposed about 10 km south of the village of Mandegan (for further details of the location see SCHLAGINTWEIT et al. 2016a ). There, the Tarbur Formation with a thickness of ~272 m conformably overlies the Gurpi Formation. The top of the section is unconformably overlain by conglomerates of the Pliocene Bakhtiari Formation. Based on the lithostratigraphy, the section has been subdivided into three units (from base to top): unit 1 is dominated by thick-bedded limestones, unit 2 mostly contains medium-bedded limestones with intercalated marly limestone layers, and unit 3 consists of marly limestone. In the lower part of unit 1 characterized by an assemblage of siderolitids and orbitoidids; dasycladalean algae are lacking. In the upper parts reaching to the top, Dasycladales (including Pseudocymopolia species) are omnipresent. The Greenwich coordinates of the Mandegan section base are N31°25'8.13", E51°24'34.58".
Material and depository
All illustrated specimens are from thin-sections stored at the Ardakan Payame Noor University, Iran, in the RASHIDI collection, under the original sample numbers with the prefixes BT for the Fasa, NG and 2NG for the Naghan, and Rt for the Mandegan sections. Description: The observed moniliform thallus fragments attain a maximum length of about 4.0 mm. The largest specimen consists of four segments (Pl. 2, fig. 2 ). Rarely the segments are barrel-shaped; usually the greatest width is attained in the upper third. The margins are always rounded. The upper side of the segments may be convex to almost plane. The inner surface may be smooth or only shows a slightly developed intusannulation. The laterals are bending upwards and attain their greatest width at the level of the greatest segment diameter (Pl. 2, fig. 3 ). In transverse sections the numerous laterals are close-set and due to their bending only cut at the proximal part. At the outer margin of the same section, the laterals of one of the preceding whorls are cut (Pl. 2, fig. 4 ). After the first third or the middle of their length, the primary laterals, tubular-cylindrical in shape, branch and give rise to secondaries (Pl. 2, fig. 5 ). The number of secondaries to primary is unknown. Before reaching the outer margin, the secondaries are widening abruptly, presumably forming a cortex (Pl. 2, fig.  3 ). In tangential sections, the close-set laterals display a polygonal outline (Pl. 2, fig. 9 ). Table 1 below. Remarks: Among the dimensional data we may note the relative great range of the segment height, accounting also for different morphologies. The maximum outer diameter is lower than the value indicated by ELLIOTT (1959), 3.6 mm vs. 2.6 mm. As common values ELLIOTT indicated a range from 2.0 to 2.5 mm. The number of laterals per verticil was indicated by ELLIOTT as 45-48. The only value we measured from the Tarbur Formation is 46 (Pl. 2, fig. 4 ). In the upper part of the Tarbur Formation specimens of P. anadyomenea appear better preserved with light brownish calcification (Pl. 2, figs. 3, 9) . This might be due to the inclusion of organic material presumably replacing the original aragonitic composition (e.g., GRANIER, 2012) as observed also in other dasycladaleans from these levels (RASHIDI & SCHLAGINTWEIT, 2018, for details). In these better preserved specimens, no traces of fertile ampullae were detected, confirming the observations already made by BARATTOLO & D'ANDREA (1988) and BUCUR (1993) . In his papers dated 1959 (original description) and 1968, ELLIOTT did not mention angular (or keeled) segment (or flange) morphologies. Only in his paper dated 1970 (creation of the genus Pseudocymopolia) ELLIOTT (op.cit., p. 325) noted that the margin swellings are keeled not rounded in P. anadymonea. As already mentioned in the introduction, we interpret these partly misleading statements as due to the simultaneous presence of two different species. The keeled forms are ascribed to P. acuta n.sp. Pseudocymopolia acuta n. sp. Description: The observed moniliform fragments attain a maximum length of ~6.7 mm consisting of seven segments. They are strongly recrystallized and preserved as sparry calcite often without any observable pores (Pl. 3, fig. 4 ). The transition between two segments may be smooth (Pl. 3, fig. 2 , right specimen) or marked by an incision at the outer surface (Pl. 3, fig. 1 ). No internal trace of discontinuity between contiguous segments was observed, likely due to the poor state of preservation and due to the quiet depositional setting, fragments of single segments are very rare. Most often fragments consisting of several segments prevail. The segments are tapering, distally forming an acute ("keeled") margin (e.g., Pl. 3, fig. 3 ). The greatest diameter maybe symmetric in the middle part of the segment (e.g., Pl. 4, fig. 7 ) or may be situated in the upper third of the segment (e.g., Pl. 3, fig. 2 ). In these cases, the lower and upper outer segment surface is concave. Other morphologies include margins that are bending upwards with the lower side getting convex (Pl. 3, fig. 5 ; Pl. 4, fig. 2 ). Intusannulation is best developed in large-sized articles (Pl. 3, figs. 1, 5-6). Segments of small diameter display a rather smooth inner surface, with very ill-developed to lacking intusannulation (Pl. 4, figs. 3, (8) (9) . Details of the laterals within each segments (dimensions, morphology) are commonly obscured due to strong recrystallization. Only rarely secondary laterals are visible (Pl. 4, fig. 9 ). The secondaries are about 1/3 of the length of the primaries. Their number per primary is unknown. The diameter of the observable numerous bended laterals only slightly widens throughout most of their length. Only at their distal ends they are widening markedly (Pl. 4, fig.  4 ). Table 2 . The inner diameter (d) is measured at the narrowing between two segments. In the swollen part, a pronounced intusannulation is present. Remarks: Concerning the dimensions, BARAT- TOLO and D'ANDREA (1988) noted that the species they described as P. praturlonii is the largest of all species. With a maximum diameter of 6.3 mm this holds true only for P. anadyomenea [ELLIOTT, 1959 : Dmax = 3.6 mm (2.8 mm, this work)] while P. acuta is larger with Dmax of 5.5 mm. The distinctive feature of P. acuta is the tapering, keel-forming segment margins, accompanied by a distinct intusannulation in larger segments. Sometimes, the distal portion of the segment margin is directed upwards. All other Lower Cretaceous species, P. pluricellata BAKALOVA, P. occidentalis ELLIOTT, and P. transylvanica DRAGASTAN have rounded segment margins. Moreover P. acuta is larger than the aforementioned taxa and displays a pronounced intusannulation. Apart from morphology, P. acuta differs from P. anadyomenea by its larger size (D), and a lower d/D ratio (see Tables 1-2 ). The observed largest thickness of the laterals at level of the greatest segment width is due to the slowly but continuous widening of the former throughout their length (see reconstruction in BARATTOLO & D'AN-DREA, 1988: Fig. 4) . With respect to the biometric data, P. anydyomenea is clearly different from P. acuta n. sp. (see Tables 1-2 ). The outer diameter is distinctly larger in P. acuta n. sp., and also the d/D ratio is different without any overlapping range (mean value 0.36 in P. acuta against 0.53 in P. anadyomenea). The intusannulation is much more pronounced in P. acuta than in P. anadyomenea.
Systematics

Dimensions: See
Concluding remarks
In the late Maastrichtian Tarbur Formation of SW Iran, two different species of Pseudocymopolia ELLIOTT have been recognized: the type-species P. anadyomenea (ELLIOTT), and the new species P. acuta. The original description of ELLIOTT (1959) was essentially referring to P. anadyomenea with rounded segment margins. In his compendium from 1968 however ELLIOTT additionally illustrated a specimen with keeled segment margins that he also attributed to P. anadyomenea. Our investigations point to the presence of two separate species of Pseudocymopolia. These two species are the last representatives of the genus that became extinct at the Cretaceous-Paleogene boundary. 
Plate 2: Pseudocymopolia anadyomenea (ELLIOTT)
Upper Maastrichtian of the Mandegan (6) and Naghan (1-5,7-10) sections, Zagros Zone, SW Iran. Scale bars 1 mm. Upper Maastrichtian of the Mandegan (7) and Naghan (all others) sections, Zagros Zone, SW Iran. Scale bars 1 mm. Upper Maastrichtian of the Naghan (1-2), [7] [8] [9] , and Mandegan (6) sections, Zagros Zone, SW Iran. Scale bars 1 mm. 
